The effects of sucrose and sodium chloride on the gelatinization and retrogradation of native and hydroxypropylated crosslinked tapioca starches were investigated by using Differential Scanning Calorimetry (DSC). Hydroxypropylated crosslinked tapioca starches showed low gelatinization temperature and enthalpy compared to the native tapioca starch. Sucrose and sodium chloride increased the gelatinization temperatures of all starch samples. The enthalpy to melt retrograded amylopectin of hydroxypropylated crosslinked tapioca starches were low, compared to that of the native starch. Sucrose did not have much effect on retrogradation of the starch, while sodium chloride decreased retrogradation of all starch samples.
INTRODUCTION
Hydroxypropylated crosslinked starch plays a major role in the manufacture of foods to thicken, stabilize, and provide texture in food products. Hydroxypropylation or crosslinking are usually employed together to provide appropriate gelatinization, viscosity, and texture properties. [1, 2] The gelatinization and retrogradation properties of starches are very important for starch applications [3, 4] Starch modified by hydroxypropylation and crosslinking had lower gelationization temperature, gelatinization enthalpy and less retrogradation than the native starch. [1, 2] Hydroxypropyl group substituted into starch molecules decreased the gelatinization temperature and enthalpy. [5] [6] [7] The higher the degree of substitution of hydroxypropyl group, the larger the decrease in gelatinization temperature and enthalpy. [5] [6] 8] Hydroxypropylation has been shown to reduce starch retrogradation. [9] This has been ascribed solely to steric effects imposed by the bulky hydroxypropyl groups, which prevent proper alignment of starch chains during chain aggregation and crystallization. The enthalpy of retrogradation is generally considered to correspond to order-disorder transitions of crystallites (i.e., double helices present in extended ordered arrays) and regions of lesser crystalline order. [9] Crosslinking is used to render a starch stable at high temperatures, low pH, and in applications with considerable shear. [2, 10] The gelatinization temperature of crosslinked starch increased as the degree of crosslinking increased. However, the enthalpy of crosslinked rice starches was not significantly changed. [11, 12] The retrogradation rate of crosslinked starches was less than the native starch. This was related to the restricted mobility of crosslinked amylopectin branches caused by the phosphate groups. [11, 12] Sugars and salt are basic ingredients applied in food products and have an influence on the gelatinization and retrogradation of starch. The hydration and swelling of the starch granules in the presence of sugars or salt decrease the available water for gelatinization. [13] The most general effect of salt and sugar is to raise the gelatinization temperature compared to gelatinization in excess of pure water, [13, 16] but sometimes, particularly in the case of salts, the gelatinization temperature showed a bell-shaped response to salt concentration with a maximum gelatinization temperature and enthalpy at 1M [14] or 2M. [17, 18] During storage starch gels undergo structure transformation (recrystallization, retrogradation). [19] Sugars decreased retrogradation in sweet potato starch gels, [20] amaranth starch gel, [13] amylopectin from amaranth, maize, waxy maize, and potato, [21] but sugar increased rate of retrogradation of rice starches [22] and wheat starches. [16] Adding NaCl decreased retrogration rate of amaranth starch gel, [13] rice starch gel, [23] starch and amylopectin from amaranth, maize, waxy maize, and potato. [21] Hydroxypropylated crosslinked tapioca starch is applied in various kinds of seasoning sauces having high contents of salt and/or sugar. However, there is negligible studies reported on the influence of salt and sugar on the gelatinization and retrogradation of hydroxypropylated crosslinked tapioca starch. Therefore, this research was aimed to investigate the effect of sucrose and sodium chloride on the gelatinization and retrogradation of hydroxypropylated crosslinked tapioca starch.
MATERIALS AND METHODS

Materials
Native tapioca and hydroxypropylated crosslinked tapioca starches (degree of substitution: 0.05 and 0.08) were the commercial samples. Sodium chloride and sucrose were analytical grade reagents.
Methods
Measurement of gelatinization. A Perkin-Elmer (Norwalk, CT) Model Pyris-1
Differential Scanning Calorimeter (DSC) was used in this study. The melting point and enthalpy of indium were used for temperature and heat capacity calibration. An empty pan was used as a reference to balance the heat capacity of the sample pan. Starch slurries (60% water content) were prepared in aluminum DSC pans. Starch was weighed into a tared aluminum DSC sample pan. Distilled water or a solution of sucrose or sodium chloride at concentration 5-10% was added using a micro-syringe. Pans were then hermetically sealed. The samples were heated at a rate of 10°C/min from 25 to 95 °C. All measurements were done in duplicate.
Measurement of retrogradation. The sample after testing gelatinization of starch was then quenched immediately to room temperature (25 °C) and stored at 4°C for 7-26 days to allow them to retrograde. Retrogradation was measured by reheating the sample pans containing the starches at 10°C/min from 25 to 95 °C. An empty pan was used as a reference to balance the heat capacity of the sample pan. Enthalpy of retrogradation was calculated automatically. DSC measurements were performed in duplicate.
Statistical analysis. The experiments were a completely randomized design and the difference in means was determined by Duncan News Multiple Range Test. The data were analyzed using SPSS 13.0 for Windows. Table 1 presents the gelatinization onset (To) and conclusion (Tc) temperatures and the gelatinization enthalpy (ΔH G ) of native tapioca and hydroxypropylated crosslinked tapioca starches. The decreases in To, Tc, and ΔH G were founded for the hydroxypropylated crosslinked tapioca starches. The higher the degree of substitution of hydroxypropyl groups, the larger the decrease in gelatinization parameters of hydroxypropylated crosslinked tapioca starches. These observations were similar to the results obtained by Morikawa and Nishinari. [1] Decreases in the thermal parameters were consistent with fewer crystals being present after modification and with a cooperative melting process enhanced by added swelling. [5, 8] The introduction of hydroxypropyl groups disrupted the intra-and intermolecular hydrogen bonds, resulting in decreased crystallinity in starch granules, and easy access of water to starch granules. [5, 8] Reduction of ΔH G of hydroxypropylated crosslinked starch may indicate ease of gelatinization due to its granular disorganization. [5] The hydroxypropyl groups disrupt 65.75 ± 0.28 e 84.49 ± 0.31 cd 12.00 ± 0.39 e double helices (due to rotation of the flexible hydroxypropyl groups) within the amorphous regions of the granule. [6] Crosslinking had a synergistic effect in retarding retrogradation of gelatinized starch. [1] Consequently, the number of double helices that unravel and melt during gelatinization would be higher in unmodified than in hydroxypropylated crosslinked starches. When the sucrose concentration in the sample was increased, To and ΔH G were all increased significantly (P < 0.05). However, no significant effect on Tc was found (P > 0.05). The increased gelatinization parameters of hydroxypropylated crosslinked tapioca starches containing sucrose were in accordance with the results of native starch samples reported by Kohyama and Nishinari [20] ; Baker and Rayas-Duarte [23] ; Bello-Pérez and Paredes-López, [21, 24] and Jang et al. [16] The increased To and ΔH G with the addition of sugars may be due to the interaction of sugar molecules with molecular chains in the starch stabilized the crystalline regions of the starch. [20] [21] Sugar molecules may bond with starch chains in the amorphous regions of the granule, thus effectively producing interactions between such chains. Bridges between chains restrict the flexibility of the chains, thus requiring more energy to strip the crystallites. As more links were formed, flexibility was more restricted, and more energy was required to pull the crystalline apart. [24] Other explanations on sugar effects were the reduced plasticizing effects of sugar-water cosolvents containing more sugar and less water [16] and the decreasing in the available water resulting from the hydration of sugar molecules, which was equivalent to have higher concentration of starch (this factor is less important at least when sugar concentration is low). [20] NaCl increased the To and Tc of all starch samples significantly (P < 0.05). A bell shape response of the ΔH G of all starch samples on NaCl was found. These results were in accordance with Ahmad and Williams [19] and Maaurf et al. [18] The increased gelatinization temperatures of samples with added NaCl were due to the hydrated ion pair on NaCl, in which the water molecules of the gel in the presence of NaCl might have a more organized structure that required higher gelatinization temperatures. [20] Additionally, it was also affected by the rise in the Donnan potential related to the dissociation of alcoholates, resulting from the replacement of sodium ions in the starch granule. [25] The increase in gelatinization temperature of starch caused by NaCl was greater than the increase caused by sucrose at the same concentration. The tendency of those solutes was similar to the results of Chinachoti et al. [15] This was because the solvent mobility and salt-starch interaction in case of NaCl. [15] 
RESULTS AND DISCUSSION
Gelatinization Properties
Retrogradation Properties
The melting temperatures of retrograded amylopectin in the presence or absence of ingredients were in the range of 40-66°C. The transition in these regions is attributed to recrystallization of the outer short chains of amylopectin, whereas the retrogradation of amylose melts at temperatures above 120°C. [26] The higher value of enthalpy to melt retrograded amylopectin indicated a higher rate of retrogradation. [22] The enthalpy to melt retrograded amylopectin of all starch samples as a function of storage time are given in Table 2 . The increase in the enthalpy proceeded at different rates depending on the starch group and ingredients. The enthalpy to melt retrograded amylopectin from hydroxypropylated crosslinked starches were less than native tapioca starch ( Table 2 ). The decreased retrogradation of hydroxypropylated crosslinked starch was mainly due to the introduction of hydroxypropy group restrict the re-organization of starch molecules to align themselves during storage. Sucrose at 5-10% did not have much effect on the enthalpy to melt retrograded amylopectin of native and hydroxypropylated crosslinked tapioca starch samples ( Table 2 ). The addition of NaCl significantly decreased the retrogradation enthalpy of amylopectin from those starch samples (P < 0.05). The 10% NaCl addition was more effective than the 5% NaCl addition for inhibiting retrogradation. This may be because the NaCl may be competing with the starch for the water to such a degree that the water remains bound in the gel, resulting in less retrogradation. Also, the Na + and Clions may also form partial ionic bonds with the starch molecules and the water and keep the starch molecules from realigning. [13, 24] Hydroxypropylated crosslinked tapioca starch having DS from 0.05 to 0.08 with the addition of 5-10% NaCl had no detectable melting endotherm during 26 days of storage.
CONCLUSION
Hydroxypropylated crosslinked tapioca starch had lower gelatinization temperature and enthalpy than native tapioca starch depending on the degree of substitution. Salt and sugar increased the gelatinization temperature and enthalpy of native and modified starches in the same direction. Hydroxypropylated crosslinked tapioca starch can prevent retrogradation greater than native tapioca starch. The effect of salt had a synergistic effect to reduce retrogration, especially hydroxypropylated crosslinked tapioca starch samples. Table 2 Influence of sucrose and sodium chloride on the enthalpy to melt retrograded amylopectin of native and hydroxypropylated crosslinked tapioca starches after storage at 4°C for 7-26 days. 
